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ABSTRACT: 
 Hindustani classical music is entirely based on the “Raga” structures. In Hindustani music, a 
“Gharana” or school refers to the adherence of a group of musicians to a particular musical style of 
performing a certain raga. The objective of this work was to find out if any characteristic acoustic 
cues exist which discriminates a particular gharana from the other. Another intriguing fact is if the 
artists of the same gharana keep their singing style unchanged over generations or evolution of music 
takes place like everything else in nature. In this work, we chose to study the similarities and 
differences in singing style of some artists from at least four consecutive generations representing 
four different gharanas using robust non-linear methods. For this, alap parts of a particular raga 
sung by all the artists were analyzed with the help of non linear multifractal analysis (MFDFA) 
technique. The spectral width obtained from the MFDFA method gives an estimate of the complexity 
of the signal. The observations give a cue in the direction to the scientific recognition of guru-shisya 
parampara (teacher-student tradition) – a hitherto much-heard philosophical term. Moreover the 
variation in the complexity patterns among various gharanas will give a hint of the characteristic 
feature of that particular gharana as well as the effect of globalization in the field of classical music 
happening through past few decades.   
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INTRODUCTION: 
Hindustani classical music can be compared to the endless sky when its creative aspect is considered. 
Every performer of this genre is essentially a composer as well as an artist as while performing a 
Raga the way the notes are approached and rendered in musical phrases and the mood they convey are 
more important than the notes themselves. This leaves ample scope for improvisation within the 
structured framework of the raga. So, while rendering a particular raga different styles of 
presentation are observed across the country. The major differences in styles are named after different 
“Gharanas”. Till date not much scientific studies attempted to analyze the significant musical styles 
that define a particular gharana [1] or the difference in style observed between different gharanas. In 
this work, we tried to do an analytical comparison between the renditions of a particular raga sung by 
some artists who are said to belong to 4 different gharanas of Hindustani classical music. 
Now it is a very well accepted fact that music signals have a complex behavior: at every 
instant components (in micro and macro scale: pitch, timbre, accent, duration, phrase, melody etc) are 
closely linked to each other [2]. These properties are peculiar of systems with chaotic, self organized, 
and generally, non linear behavior. Therefore, the complexity variation of a certain music piece with 
time should be judged more rigorously using latest-state-of-the-art non-linear technique – multifractal 
analysis which determines the multifractal scaling behavior of a time series featured by very irregular 
dynamics, with sudden and intense bursts of high-frequency fluctuations. In such a system different 
parts of the system scales differently. To study such a signal Multifractal Detrended Fluctuation 
Analysis (MFDFA) can be considered as an appropriate tool. The MFDFA technique gives us a 
multifractal spectral width which is a measure of the inherent complexity of the musical signal. We 
hypothesize that the change of multifractal spectral width of the signal will give us a cue about the 
variation of style among the artists belonging to different gharanas as well as artists from successive 
generations representing the same gharana. The MFDFA technique was first conceived by 
Kantelhardt [3]. 
 In this study, vocalists of at least 4 successive generations of a 4 different gharanas (Agra, 
Kirana, Gwalior and Patiala) of Hindustani music were chosen for analysis. The renditions of Raga 
Darbari sung by all the vocalists were taken. Alap is the opening section of a Raga performance in 
typical Hindustani classical style. In the alap part the raga is introduced and the paths of its 
development are revealed using all the notes used in that particular raga and allowed transitions 
between them with proper distribution over time. Alap is usually accompanied by the tanpura drone 
only and sung at a slow tempo or sometimes without tempo. Now, for all the artists the alap part of 
the raga was analyzed applying MFDFA technique and spectral widths were compared. 
 
EXPERIMENTAL DETAILS:   
In this work we intend to study how the singing style of a particular raga varies from one gharana to 
another and how the style evolves for generations of artists of the same gharana. Renditions of raga 
darbari sung by artists of 4 different gharanas (viz. Agra, Gwalior, Kirana, and Patiala) of Hindustani 
classical music are chosen for this analysis. For each gharana, renditions by popular artists of at least 
4 consecutive generations are selected. All the signals are digitized at the rate of 44100 samples/sec 
16 bit format. Only alap part of the raga was cut separately from each rendition. In the alap part, 
variations in note combinations or improvisations are expected for different performers while 
establishing the raga and hence there is significant variation in the length of the alap parts. To keep 
parity, about 2 minutes of alap were cut out from each rendition which led primarily to identification 
of the raga. The said 2 minutes clips were selected by an eminent musician with more than 20 years 
of experience in performing Hindustani classical music. Then each alap part of 2 minutes duration 
was divided into 4 equal parts of 30 seconds and their multifractal spectral widths were calculated 
using the MFDFA technique. The variation in the spectral widths among the vocalists of successive 
generations was observed separately for all the chosen 4 gharanas. 
 
METHOD OF ANALYSIS: 
Method of multifractal analysis of sound signals 
The time series data obtained from the sound signals are analyzed using MATLAB [4] and for each 
step an equivalent mathematical representation is given using the prescription of Kantelhardt et al [5].  
In MFDFA technique, first the noise like structure of the signal into a random walk like signals. The 
whole length of the signal is then divided into Ns number of segments consisting of certain no. of 
samples.  
The local RMS variation for any sample size s is the function F(s,v). This function can be written as: 
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The q-order overall RMS variation for various scale sizes can be obtained by the use of following 
equation:                                     
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The scaling behaviour of the fluctuation function is obtained by drawing the log-log plot of Fq(s) vs. s 
for each value of q. 
)( ~)( qhq ssF                                (2) 
The h(q) is called the generalized Hurst exponent. The Hurst exponent is measure of self-similarity 
and correlation properties of time series produced by fractal. The presence or absence of long range 
correlation can be determined using Hurst exponent. A monofractal time series is characterized by 
unique h(q) for all values of q. The singularity spectrum f(α) is related to h(q) by 
 (q)hqh(q)α                                
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Where α denoting the singularity strength and f(α), the dimension of subset series that is characterized 
by α. The width of the multifractal spectrum essentially denotes the range of exponents. The spectra 
can be characterized quantitatively by fitting a quadratic function with the help of least square method 
[5] in the neighbourhood of maximum 0 , 
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Here C is an additive constant C = f(α0) = 1and B is a measure of asymmetry of the spectrum. So 
obviously it is zero for a perfectly symmetric spectrum. We can obtain the width of the spectrum very 
easily by extrapolating the fitted quadratic curve to zero.  
Width W is defined as, 
                                21  W                                (4) 
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The width of the spectrum gives a measure of the multifractality of the spectrum. Greater is the value 
of the width W greater will be the multifractality of the spectrum. For a monofractal time series, the 
width will be zero as h(q) is independent of q. 
The origin of multifractality in a sound signal time series can be verified by randomly shuffling the 
original time series data [7]. In general, two different types of multifractality are present in a time 
series data: (i) Multifractality due to a broad probability density function for the values of the time 
series. Here, the multifractality of the time series cannot be removed by random shuffling and the 
shuffled data has the same variation of h(q) as the original data (ii) Multifractality due to a variety of 
long-range correlations due to the small and large fluctuations. In this case, the probability density 
function of the values can be a regular distribution with finite moments, for e. g. a Gaussian 
distribution. The corresponding shuffled series will exhibit non-multifractal scaling, since all long-
range correlations are destroyed by the shuffling procedure. All long range correlations that existed in 
the original data are removed by this random shuffling and what remains is a totally uncorrelated 
sequence. Hence, if the multifractality of the original data was due to long range correlation, the 
shuffled data will show non-fractal scaling. If any series has multifractality both due to long range 
correlation as well as due to probability density function, then the shuffled series will have smaller 
width W and hence weaker multifractality than the original time series. 
 
RESULTS AND DISCUSSIONS: 
From the raw signals of the alap parts, few general observations are noted: 
1) In Agra gharana, usually the alap part is sung through a long time (typically for 20-30 minutes, 
may be even more) where after introduction of the notes and movements of the raga special words 
like “nom-tom” are used to elaborate the raga in detail. Some artists of this gharana are known to 
sing very fast moving musical structures like tarana during the alap.  
2) For other 3 gharanas the alap part continues for much shorter period. Though it depends a lot on 
artist style, for Patiala, Gwalior and Kirana gharana, the alap part primarily features the main 
notes used in the raga with the essential phrases used to establish the raga. Detailed elaborations 
are usually sung after the introduction of the bandish.  
Then the multifractal spectral width (W) was computed for each alap clips for all the chosen artists of 
successive generations for 4 different gharanas. Higher the value of W, higher is the degree of 
complexity present in the signal. Thus change in the spectral width due to change of note 
combinations, transitions between the notes and pause variations in a musical piece would be 
significantly important to characterize the singing style of different artists. 
 
 
 
 
 
 
 
 
 
Table 1: Variation of the spectral width 
values for all artists of Agra gharana and Fig.1 represents the variation of multifractal spectral width 
for the artists of Agra gharana while rendering Raga Darbari 
Here Artist 1 represents the oldest among all the artists of Agra gharana that we chose to study. 
Artists 2, 3, 4 and 5 are direct disciples of Artist 1 and they are almost contemporary. Again within 
Agra gharana, other lineages are found, like artist 8 is direct disciple of artist 6 while artist 9 has 
learnt directly from Artist 7, hence they represent singers of consecutive generations from the same 
gharana. 
The following observations can be drawn from a careful study of the figure: 
1) Striking similarities are found in the spectral width variation pattern between Artist 1 and Artist 2, 
3 and 4. This probably indicates the inherence of style from tutor (guru) to his direct disciples.  
2) Despite of being another direct disciple of Artist 1, Artist 5 shows completely different pattern. 
This may have happened due to incorporation of own style by Artist 5. 
3) If we consider Artist 1 as the first generation then Artist 2, 3, 4 & 5 will belong to second 
generation. Now it is quite evident from the above figure that in general artists of second 
generations are showing a much higher value of complexity than the first generation artist. 
4) Artist 6 and 7 represent the third generation of artists belonging to Agra gharana whereas Artist 8 
and 9 represent the fourth generation. Just like our previous observations, complexity change 
pattern for Artist 8 is similar to Artist 6 and for Artist 9 it resembles with that of Artist 7. In both 
cases the disciples show a higher value of complexity than their tutors. 
5) Overall analysis indicates that in average artists of third and fourth generations show lesser value 
of complexity than second generation artists. 
Table 2: Variation of the spectral width  
values for all artists of Kirana gharana 
In Kirana gharana, similarly, Artist 1 (first generation) is the oldest one whose only direct disciple is 
Artist 4. All other artists of this gharana chosen for this analysis belong to a different lineage. Artist 
2, 3, 4, 5 and 6 are contemporary and represent the second generation. Artist 7 is from third generation 
and Artist 8, representing fourth generation, is youngest of all.  
From the above figure we find that, 
1) Artist 1 and Artist 4 show very similarity in complexity which indicates that Artist 4 follows the 
style of Artist 1. 
Agra gharana 
  Part 1 Part 2 Part 3 Part 4 
Artist 1 0.38 0.44 0.33 0.38 
Artist 2 0.61 0.88 0.69 0.76 
Artist 3 0.72 0.90 0.67 0.92 
Artist 4 0.50 0.77 0.67 0.91 
Artist 5 0.67 0.53 0.58 0.61 
Artist 6 0.42 0.30 0.39 0.34 
Artist 7 0.53 0.55 0.48 0.41 
Artist 8 0.53 0.45 0.45 0.39 
Artist 9 0.60 0.69 0.68 0.63 
Kirana gharana 
  Part 1 Part 2 Part 3 Part 4 
Artist 1 0.81 0.70 0.61 0.64 
Artist 2 0.39 0.37 0.40 0.33 
Artist 3 0.34 0.33 0.31 0.39 
Artist 4 0.86 0.67 0.61 0.53 
Artist 5 0.97 0.83 0.91 0.87 
Artist 6 0.49 0.44 0.44 0.38 
Artist 7 0.57 0.53 0.48 0.50 
Artist 8 0.47 0.45 0.44 0.42 
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Fig. 2: Variation of multifractal spectral width for the 
artists of Kirana gharana while rendering Raga Darbari. 
2) Despite of being contemporary, Artist 2, 3 and 6 feature much lower complexity than artist 4. This 
indicates the presence of huge difference in style among different lineages belonging to same 
gharana.  
3) Except Artist 5 who stands out with a much higher value of complexity than everyone else, all 
other artists of the second lineage show a much lower value of complexity than lineage 1. 
4) Artist 7 and 8 follow the lineage of Artist 1. In this gharana also, Artist 7 and 8 from third and 
fourth generation respectively show lesser complexity values than artists of first and second 
generation. 
 
Gwalior gharana 
  Part 1 Part 2 Part 3 Part 4 
Artist 1 0.57 0.48 0.43 0.48 
Artist 2 0.55 0.53 0.58 0.43 
Artist 3 0.56 0.50 0.58 0.65 
Artist 4 0.40 0.48 0.46 0.41 
Table 3: Variation of the spectral width  
values for all artists of Gwalior gharana 
 
Fig. 3 represents the variation of 
multifractal spectral width for the artists 
of Gwalior gharana while rendering Raga Darbari.  
 
In case of Gwalior gharana, Artist 1, 2, 3 and 4 represent first, second, third and fourth generation 
respectively, though none is direct disciple of the artist representing the previous generation. 
Primary observation indicates, during performance of raga Darbari the complexity variation among 
all the artists of Gwalior gharana is much lesser compared to other three gharanas. In this gharana 
too, the younger artists feature lesser value of complexity than the artist representing the second 
generation. 
 
Patiala gharana 
 
Part 1 Part 2 Part 3 Part 4 
Artist 1 0.62 0.74 0.70 0.56 
Artist 2 0.73 0.72 0.69 0.67 
Artist 3 0.39 0.31 0.33 0.32 
Artist 4 0.37 0.31 0.36 0.31 
 Table 4: Variation of the spectral width  
values for all artists of Patiala gharana 
Fig. 3 represents the variation of 
multifractal spectral width for the artists 
of Patiala gharana while rendering Raga 
Darbari. 
 
Artist 1, 2, 3 & 4 represent artists of consecutive generations of Patiala gharana, though in case of this 
gharana all the chosen artists are direct disciples of the artists chosen from their previous generations. 
Here we observe Artist 1 and 2 show similar complexity values and the value is much lower in case of 
Artist 3 and 4. Artist 2 and 4 being direct disciples of Artist 1 and Artist 3 respectively, the results are 
expected. In Patiala gharana also, the artist from second generation features the highest average value 
of complexity. The prominent decrease in spectral width values for third and fourth generation artists 
may have caused due to a significant change in style. 
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CONCLUSION:  
Summarizing all the above observations obtained from detailed analysis of the alap part of raga 
darbari sung by various artists of different generations belonging to 4 different gharanas of 
Hindustani classical music, we 
can conclude that  
1) Mostly complexity change with 
time shows strikingly similar 
pattern for the tutors and their 
direct disciples in all the 4 
gharanas. This indicates that the 
style of the tutor is usually 
followed by his students.  
Though in few cases, major 
deviations in the complexity 
change pattern are observed, 
indicating the possibility of 
incorporation of new style by the 
student. 
2) Another important observation is that significant difference in style is found among different 
lineages within same gharana. This indicates that though some major structural features remain same 
for a particular gharana over generations, many finer structural differences are introduced by different 
artists through time. 
3) In general for all gharanas, third and fourth generation artists show lesser average spectral width (W) 
values than first and second generation artists. Hence, we may safely say complexity is decreasing 
with time.The main cause behind this probably indicates towards the miraculous advancement of 
technology in last few decades which has brought globalization in the field of classical music too. 
Now a day for a young artist the possibility of exposure to other gharanas of music is much higher 
than the earlier generations. This leads to mixture of certain styles among the young generation artists 
of all gharanas. 
 The comparative analysis of gharanas using this method is a pilot study which can be further 
intensified by the extraction of notes, transitions between notes etc. The results can be verified by 
analysing other parts of ragas like bandish, taan etc. as well as more number of ragas should be taken 
into account. 
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